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EXTRACTION OF INTEGRAL MEMBRANE PROTEINS 

Field of the Invention 

This invention is directed to a process for 
extracting gram- negative integral membrane proteins 
from bacteria or bacterial host cells containing a 
recombinant vector by differential detergent 
tangential flow diaf iltration. 

Backaroimd of the Invention 

Gram-negative bacteria possess both an inner 
membrane and an outer membrane. Collectively/ the 
15 proteins contained in these membranes are referred to 

as integral membrane proteins. Native integral 
membrcuie proteins can be extracted from gram-negative 
bacteria in relatively small quamtities. Recombinant 
expression techniques permit these proteins to be 
. 20 expressed from bacteria in increased quantities. 

Small scale batch purification of such 
native or recombinant integral membrane proteins has 
involved an extraction step utilizing centrifugation 
to extract protein from bacterial cell lysate, 
25 followed by downstream purification using conventional 

techniques. 

However, centrifugation is not preferred for 
extraction of such proteins on a larger scale, because 
it is a cxunbersome process. A larger scale extraction 

30 process is desirable in order to obtain quantities of 

proteins sufficient for economical manufacturing. 

Thus, there is a need for a process for 
extracting native or recombinant gram-negative 
integral membrane proteins which avoids the use of 

35 centrifugation and is therefore more amenable to 

scale-up. Two such proteins are the lipidated outer 
membrane proteins F4 and P6 of Haemophilus influenzae. 



5 
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Summary of the Invention 

Thus, It is an object of this invention to 
S develop a process for extracting native or recombinant 

gram-negative integral membrane proteins which avoids 
the use of centrifugation and is therefore more 
amenaible to scale-up. 

It is another object of this Invention to 
10 develop a process for selectively solubilizing inner 

and outer membrane proteins of gram-negative bacteria. 

It is a further object of this invention to 
develop processes for extracting the llpidated forms 
of the recombinant H. Influenzae outer membrane 
15 proteins P4 and P6 from E. coll. 

These and other objects of the invention as 
discussed below are achieved by processes which 
utilize differential detergent tangential flow 
diaflltratlon and avoid the use of centrifugation. 
20 These processes also provide for continuous extraction 

of desired proteins. 

For the extraction of native or 
recomblnantly- expressed/ gram-negative inner membrane 
proteins from bacteria or bacterial host cells 
25 containing a recombinant vector, respectively, by 

differential detergent tangential flow diaflltratlon, 
a process Is used which cosprlses: 

(a) lysing bacteria or bacterial host cells 
containing a recombinant vector in a 

30 fermentation broth; 

(b) dlaflltering the lysed fermentation 
broth from (a) with a buffer which is 
not retained by the diaflltratlon 
membrane, wherein said buffer removes 

35 Intracellular and extracellular 

contaminants through the permeate, and 
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using a chelating agent to prevent 
proteolysis; 

(c) dlafllterlng the lysate from (b) with a 
detergent and a buffer which is not 

5 retained by the dlaf lltratlon membrane, 

wherein said detergent solublllzes and 
removes inner membrane proteins / and 
using a divalent cation to stabilize 
the outer membrane proteins, thereby 

10 preventing their soliiblllzatlon; and 

(d) collecting the inner membrane proteins 
removed in (c) . 

For the extraction of native or 
recomblnantly- expressed, gram-negative outer membrane 
15 proteins from bacteria or bacterial host cells 

containing a recombinant vector, respectively, by 
differential detergent tangential flow dlaf lltratlon, 
a process is used which comprises: 

(a) lyslng bacteria or bacterial host cells 
20 containing a recomblnauxt vector in a 

fermentation broth; 

(b) dlafllterlng the lysed fermentation 
broth from (a) with a buffer which is 
not retained by the dlaf lltratlon 

25 membrane, wherein said buffer removes 

Intracellular and extracellular 
contaminants through the permeate, and 
using a chelating agent to prevent 
proteolysis; 

30 (c) dlafllterlng the lysate from (b) with a 

detegent and a buffer which Is not 
retained by the dlaf lltratlon membrane, 
wherein said detergent soliiblllzes and 
removes inner membrane proteins, and 

35 using a divalent cation to stabilize 

the outer membrane proteins, thereby 
preventing their solubilization; 
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(d) diafiltering the lysate from (c) with 
the buffer from (c) , and using a 
divalent cation from (c) in the absence 
of detergent, in order to reduce the 

5 concentration of the detergent from 

(c) ; 

(e) diafiltering the lysate from (d) with a 
buffer which is not retained by the 
diafiltration membrane, a chelating 

10 agent and a detergent to solubilize and 

remove the outer membrane proteins; and 

(f) collecting the outer membrane proteins 
removed in (e) . 

If desired, further extraction can be performed by 
15 adding the following steps to the foregoing process: 

(g) diafiltering the lysate from (e) with 
reagents of (e) , with the exception of 
the detergent, in order to reduce the 
concentration of the detergent; 

20 (h) diafiltering the lysate from (g) with 

reagents of (e) ; and 
(i) collecting the outer membrane proteins 

removed in (h) . 
For the extraction of lipidated recombinant, 
25 outer membrane protein P4 (lipidated rP4) of H. 

influenzae from bacterial host cells by differential 
detergent tangential flow diafiltration, a process is 
used which comprises: 

(a) lysing bacterial host cells in a 
30 fermentation broth; 

(b) diafiltering the lysed fermentation 
broth from (a) with a buffer which is 
not retained by the diafiltration 
membrane, wherein said buffer removes 

35 intracellular emd extracellular 

contaminants through the permeate, and 
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using a chelating agent to prevent 
proteolysis; 

(c) diafiltering the lysate from (b) with a 
detergent and a buffer which is not 

3 retained by the diaf iltration meaibrane, 

wherein said detegent solubilizes and 
removes inner membrane proteins, and 
using a divalent cation to stabilize 
the outer membrane proteins, thereby 
preventing their solubilization; 

(d) diafiltering the lysate from (c) with 
the buffer from (c) , and using a 
divalent cation from (c) in the absence 
of detergent, in order to reduce the 

15 concentration of the detergent from 

(c); 

(e) diafiltering the lysate from (d) with a 
buffer which is not retained by the 
diaf iltration membrane, a chelating 

20 agent and a detergent to solubilize the 

outer membrane proteins; 

(f) diafiltering the lysate from (e) with a 
buffer which is not retained by the 
diaf iltration membrane, a chelating 

25 agent and a detergent to extract and 

remove the lipidated rP4; and 

(g) collecting the lipidated rP4 removed in 
(f) • 

If desired, further extraction of lipidated rP4 can be 
30 performed by adding the following steps to the 

foregoing process: 

(h) diafiltering the lysate from (f) with 
reagents of (f), with the exception of 
the detergent, in order to reduce the 

35 concentration of the detergent; 
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(i) diafil taring the lysate from (h) with 
reagents o£ (£) to extract and remove 
the lipidated rP4; and 
(j) collecting the lipidated rP4 removed in 
5 (i) . 

If also desired, still further extraction of lipidated 
rP4 can be performed by adding the following steps to 
the foregoing process: 

(k) diafiltering the lysate from (j) with 
10 reagents of (f), with the exception of 

the detergent/ in order to reduce the 
concentration of the detergent; 
(1) diafiltering the lysate from (k) with 
reagents of (f) to extract and remove 
15 the lipidated rP4; and 

(m) collecting the lipidated rP4 removed in 
(1) . 

Still further cycles of lipidated rP4 extraction may 
be utilized, if desired. 
20 For the extraction of lipidated recombinant, 

outer membrane protein P6 (lipidated rP6) of H. 
influenzae from bacterial host cells by differential 
detergent tangential flow diaf iltration, a process is 
used which comprises: 
25 (a) lysing bacterial host cells in a 

fermentation broth; 
(b) diafiltering the lysed fermentation 

broth from (a) with a buffer which is 
not retained by the diaf iltration 
30 membrane, wherein said buffer removes 

intracellular and extracellular 
contaminants through the permeate, and 
using a chelating agent to prevent 
proteolysis; 

35 (c) diafiltering the lysate from (b) with a 

detergent and a buffer which is not 
retained by the diaf iltration membrane. 
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wherein said detergent soliiblllzes and 
removes Inner membrane proteins, and 
using a divalent cation to stabilize 
the outer membrane proteins, thereby 
5 preventing their solubilization; 

(d) dlafllterlng the lysate from (c) with a 
buffer which Is not retained by the 
dlaf lltratlon membrane, a chelating 
agent to sequester divalent cation and 

10 to prevent proteolysis, and a detergent 

to solublllze and remove the outer 
membrane proteins other than llpldated 
rP6 ; 

(e) dlafllterlng the lysate from (d) with a 
15 buffer which Is not retained by the 

dlaf lltratlon membrane, a chelating 
agent to prevent proteolysis, a 
detergent to remove additional outer 
membrane proteins, and a salt to 
20 disrupt the membrane/outer membrane 

protein complex; 

(f) dlafllterlng the lysate from (e) with 
reagents of (e) , with the exception of 
the detergent and the salt. In order to 

25 ' reduce the concentration of the 

detergent; 

(g) dlafllterlng the lysate from (f) with a 
detergent and a buffer which Is not 
retained by the dlaf lltratlon membrane, 

30 wherein said detergent solxablllzes and 

removes additional proteins bound to 
the cellular outer membrane, and using 
a chelating agent to prevent 
proteolysis; 

35 (h) dlafllterlng the lysate from (g) with 

the buffer from (g) and the chelating 
agent of (g) to reduce the 



wo 01/00668 



PCTAUSOO/17019 



8 - 



concentration o£ the detergent from 
(g) ; 

(i) diafiltering the lysate from (h) with a 
phosphate compound and a detergent to 
5 solubilize and remove additional 

proteins boiind to the cellular outer 
membrane; 

(j) diafiltering the lysate from (i) with a 
phosphate compound to reduce the 
10 concentration of the detergent from 

(i); 

(k) heating the lysate from (j) to remove 
lipidated rP6 from the membrane while 
diafiltering that lysate with a 
15 phosphate compoxind and a detergent to 

soliabilize, extract and remove the 
lipidated rP6; and 

(1) collecting the lipidated rP6 removed in 
(k) • 

20 If desired, the process for extracting lipidated rP6 

may be modified by concentrating the lysate from (j) 
before proceeding to (k) • 



25 



Brief Description of the Figures 



Figure 1 depicts an SDS-PA6E analysis of 
samples taken from the permeate streams during the 
extraction process for lipidated rP4, as described in 
Example 1 below. Lanes: 1 - Pharmacia low molecular 

30 weight markers; 2 - 0.1 mST lipidated rP4 standard; 3 - 

0-3 fig lipidated rP4 standard; 4-1/19 lipidated rP4 
standard; 5 - Permeate from diaf iltration with lysis 
buffer (10 mM Hepes, 1 mM EDTA) ; 6 - Permeate from 
diaf iltration with Triton™ X-100; 7 - Permeate from 

35 diafiltration with Tris™ buffer; 8 - Permeate from Ix 

diaf iltration with Zwittergent"* 3-12 buffer; 9 - 
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Permeate from lOx diafiltration with Zwittergent"* 3- 
12. 

Figure 2 depicts the permeate flux from four 
runs over the time course of the extraction process 
5 for lipidated rP4, as described in Example 2 below. 

The flux is measured in liters/meters^ membrame 
area/hour (Imh) . 

Figure 3 depicts an SDS-PAGE analysis of 
samples taken from the permeate streams during the 

10 first part of the extraction process for lipidated 

rP6, as described in Exan^le 3 below. Lanes: 1 - Mark 
12 standard; 2 - permeate from diafiltration with 
lysis buffer; 3 - Permeate from diafiltration with 
Triton™ X-100; 4 - Permeate from diafiltration with 

15 Tris™ buffer; 5 - Permeate from diafiltration with 

Zwittergent™ 3-14; 6 - Permeate from diafiltration 
with Zwittergent"" 3-14/0.5 M NaCl; 7 - Permeate from 
diafiltration with Trls^ buffer; 8 - Permeate from 
diafiltration with Sarcosyl. 

20 Figure 4 depicts an SDS-PAGE analysis of 

samples taken from the permeate streams during the 
second part of the extraction process for lipidated 
rP6, as described in Example 3 below. Lanes: 1 - Mark 
12 Standard; 2 - Permeate from diafiltration with 

25 Trie"* buffer; 3 -Permeate from diafiltration with 

Zwlttergent™ 3-12 at room temperature; 4 - Permeate 
from diafiltration with Tris™ buffer; 5 - Permeate 
from concentration step; 6 - Permeate from 
diafiltration with Zwittergent™ 3-12 at SS^'C; 7 - 

30 Permeate from diafiltration with Trie™ buffer at 55**C; 

8 - Permeate from diafiltration with Zwittergent~ 3-12 
at 55 **C. 

Detailed Description of the Invention 

35 



This process of this invention for 
extracting integral membrane proteins has several 
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advantages over alternate processes. First, this 
process coiabines the clarification and extraction 
processes into one xinit operation. The product is 
extracted from the cells and it is separated from cell 
5 debris with only one continuous diaf iltration process. 

Alternative approaches typically require one unit 
operation for extraction and a second xanit operation 
for clarification. The second advantage is that the 
membrane proteins are extracted in a semi -purified 
10 state, which simplifies the downstream processing 

steps. Finally, this process is very scalable because 
the only requirement is that the surface area of the 
membranes be increased proportionally with the amount 
of cells. 

15 Prior to the commencement of the extraction 

process of this invention, an integral membrane 
protein from a gram-negative bacterivim is expressed in 
a homologous or heterologous bacterial host cell by 
conventional methods, or the native bacterium is 

20 isolated. The fermentation broth is then lysed by 

passing through a homogenizer to commence the 
extraction process. In a preferred embodiment of this 
invention, the homogenizer is a microf luidizer . 

The lysed fermentation broth is then 

25 subjected to a differential detergent extraction 

process utilizing tangential flow filtration 
technology. In this process the lysed cells are 
diafiltered with a specific sequence of buffer 
solutions using a tsuigential flow system that includes 

30 a permeable membrane with a defined size cut-off or 

opening. The sequence of buffer solutions is chosen 
to sol\ibilize ixmer membrane proteins first and then 
to solubilize the outer membrane proteins. During 
diafiltration, the solubilized proteins of approximate 

35 size less than the molecular weight cut-off of the 

membrane pass through with the permeate, while larger 
molecules and \insolubilized proteins are retained. 
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The buffer solutions are then changed and a 
detergent is introduced to solubilize and extract 
outer meiDbrane proteins. The sequence of buffer and 
detergent steps is controlled to extract the desired 

5 outer membrane protein in a selective manner. The 

extracted protein is then purified by conventional 
means such as ion exchange chromatography. 

Thus, the extraction processes of this 
invention allow selective solubilization of inner and 

10 outer membrane proteins of gram- negative bacteria. 

Solubilized proteins pass through the ultrafiltration 
membrane with the permeate « while unsolubilized 
proteins are retained by the membrane. 

The native integral membrane proteins 

15 extracted using this inventive process are extracted 

from any suitable gram-negative bacterium^ including, 
but not limited to, Haemophilus influenzae (for 
example, the P4 and P6 proteins) , Moraxella 
catarrhalia (for exan^le, the UspAl and UspA2 

20 proteins), and Neisseria meningitidis Group B. 

The recombinant integral membrane proteins 
extracted using this inventive process are expressed 
in any suitable bacterial host cell containing a 
recombinant vector, which in turn contains a 

25 nucleotide sequence encoding the desired recombinant 

integral membrane protein. Examples of such bacterial 
host cells include, but are not limited to, E. coll. 
Salmonella, Shigella and B. suJbtilis. 

Native or recombinant proteins which have a 

30 large monomeric, multimeric or aggregate size 

approaching that of the membrane cut-off, should not 
be extracted with that membrane. However, gram- 
negative proteins which are expressed as inclusion 
bodies in S. coll, such as gonococcal or meningococcal 

35 proteins, may also be extracted by this process. The 

inclusion bodies are larger than the membrane cut-off 
size and are thus retained by the membrane, while 
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other proteins are extracted. Urea or a similar 
denaturing agent is then added to solxibilize the 
inclusion bodies. The desired proteins are then 
extracted and renatured and purified by conventional 
S means • 

The extraction process of this invention is 
exemplified with the recombinant forms of the P4 and 
P6 proteins of Haemophilus influenzae, as expressed in 
an E. coli host cell. 

10 The P4 protein (also known as protein '^e") 

of Haemopbllua influenzae has a molecular weight of 
approximately 30 kD and is described in United States 
Patent 5,601,831, which is hereby incorporated by 
reference. In its native form, the P4 protein is 

15 lipidated. In order to recombinantly express the 

lipidated P4 protein, the P4 gene is obtained from the 
bacterixim and inserted into an appropriate expression 
vector. In examples 1 and 2 below, the expression 
vector pBAD18-Cm (Guzman, L.*M., at al., Jj. 

20 Bacterifiii, 122, 4121-4130 (1995)) was used. This 

vector contains an arabinose inducible promoter and 
other appropriate control elements. The expression 
vector is then inserted into a suitable bacterial host 
cell. In examples 1 and 2 below, the host cell was 

25 the S. coli BLR strain (Novagen, Madison, WI) . If an 

inducible promoter is used, an inducer is added to 
cause the host cell to express the desired protein. 
In examples 1 and 2 below, the inducer was L- 
arabinose • 

30 The P6 protein (also known as PBOMP-1 and 

PAL) of Haemophilus influenzae has a molecular weight 
of approximately 15 kD and is described in United 
States Patent 5,110,908, which is hereby incorporated 
by reference. In its native form, the P4 protein is 

35 lipidated. However, previous attempts to 

recombinantly express lipidated rP4 resulted in low 
levels of expression. Copending, commonly-assigned 
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United States Provisional Patent Application Nmnber 
60/141/067 describes an expression system which 
produces lipidated rP6. In order to recombinantly 
express the lipidated rP6 protein, the P6 gene Is 

5 obtained from the bacterium and inserted into an 

appropriate expression vector. In examples 3 and 4 
below, the expression vector pBAD18-CM was again used- 
The expression vector is then inserted into a suitable 
bacterial host cell. In examples 3 and 4 below, the 

10 host cell was again the E. coli BIiR strain. If an 

inducible promoter is used, an inducer is added to 
cause the host cell to express the desired protein. 
In exas^les 3 and 4 below, the inducer was L- 
arabinose . 

15 In a preferred embodiment of this invention, 

the diaf iltration membrsme is from Millipore (Bedford, 
MA) . This membrane is made from regenerated 
cellulose, has a 1000 kD size cut-off and has a 
surface area of 0.002 m^/g wet weight cells. 

20 Any protein- solubilizing detergent may be 

used in the extraction process including, without 
limitation, a Zwittergent™ compound such as 
Zwittergent™ 3-12 or Zwittergent™ 3-14, a non-ionic 
Triton™ compound such as Triton™ X-100, sarcosyl, a 

25 glucoside such as octyl-glucoside, nonyl-glucoside or 

decyl-glucoside, chelate or deoxycholate, or dodecyl- 
maltoside. In preferred embodiments, the detergents 
are Zwittergent™ 3-12, Triton"* X-100 and sarcosyl for 
the specific steps described herein. 

30 A wide variety of compounds may be used as 

buffers in the extraction process, as long as the 
compoxind is not retained by the diaf iltration 
membrane. Such buffers include, but are not limited 
to, Hepes, 3- (N-morpholino) propane sulfonic acid 

35 (MOPS), Tris"*, sodixan phosphate and sodium borate. In 

preferred embodiments, the buffers are Hepes, Tris™ 
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and sodium phosphate for the specific steps desribed 
herein. 

Chelating agents are used at various steps 
of the extraction process to prevent proteolysis 

5 and/or to sequester divalent cations. The preferred 

chelating agent is EDTA. Divalent cations are used at 
various steps of the extraction process to stabilize 
or to solubilize the outer membrane proteins. 
Divalent cations include metal ions such as Mg*^ and 

10 Ca*^, with Mg*^ being preferred. Sodium chloride is the 

preferred salt in the salt disruption step in the 
process for extracting lipidated rP6. 

The extraction may be modified by including 
at least one xinit operation with a different 

15 diaf iltration membrane having a different molecular 

weight cut-off, such that the lysate passes first 
through a larger size membrane, and then through least 
one smaller size membrane. Such a sequence of 
membranes permits the extraction process 

20 to purify two or more integral membrane proteins 

separately at different stages (lysates) of the same 
diaf iltration run. 

For the extraction of native or 
recombinantly- expressed, gram-negative inner membrane 

25 proteins from bacteria or bacterial host cells 

containing a recombinant vector, respectively, by 
differential detergent tangential flow diaf iltration, 
a process is used which comprises: 

(a) lysing bacteria or bacterial host cells 
30 containing a recombinant vector in a 

fermentation broth; 

(b) diaf il taring the lysed fermentation 
broth from (a) with a buffer which is 
not retained by the diaf iltration 

35 membrane, wherein said buffer removes 

intracellular and extracellular 
contaminants through the permeate, and 
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using a chelating agent to prevent 
proteolysis; 

(c) diafiltering the lysate from (b) with a 
detergent and a buffer which is not 

5 retained by the diaf iltration membrane, 

wherein said detergent soliobilizes and 
removes inner membrane proteins, and 
using a divalent cation to stabilize 
the outer membrane proteins, thereby 

10 preventing their solubilization; and 

(d) collecting the inner membrane proteins 
removed in (c) • 

For the extraction of native or 
recombinauitly- expressed, grsun-negative outer mexabrane 
15 proteins from bacteria or bacterial host cells 

containing a recombin«mt vector, respectively, by 
differential detergent tangential flow diaf iltration, 
a process is used which comprises: 

(a) lysing bacteria or bacterial host cells 
20 containing a recombinant vector in a 

fermentation broth; 

(b) diafiltering the lysed fermentation 
broth from (a) with a buffer which is 
not retained by the diaf Iltration 

25 membrane, wherein said buffer removes 

intracellular and extracellular 
contaminants through the permeate, and 
using a chelating agent to prevent 
proteolysis; 

30 (c) diafiltering the lysate from (b) with a 

detegent and a buffer which is not 
retained by the diaf Iltration membrane, 
wherein said detergent solubilizes and 
removes inner membrane proteins, and 

35 using a divalent cation to stabilize 

the outer membrane proteins, thereby 
preventing their solxibilization; 
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(d) diafiltering the lysate from (c) with 
the buffer from (c) , and using a 
divalent cation from (c) in the absence 
of detergent, in order to reduce the 

5 concentration of the detergent from 

(c); 

(e) diafiltering the lysate from (d) with a 
buffer which is not retained by the 
diafiltration membrane, a chelating 

10 agent and a detergent to solubilize and 

remove the outer membrwe proteins; and 

(f ) collecting the outer membrane proteins 
removed in (e) • 

If desired, further extraction can be performed by 
15 adding the following steps to the foregoing process: 

(g) diafiltering the lysate from (e) with 
reagents of (e) , with the exception of 
the detergent/ in order to reduce the 
concentration of the detergent; 

20 (h) diafiltering the lysate from (g) with 

reagents of (e) ; and 
(i) collecting the outer membrane proteins 

removed in (h) • 
For the extraction of lipidated recombinant, 
25 outer membrane protein P4 (lipidated rP4) of B. 

influenzae from bacterial host cells by differential 
detergent tangential flow diafiltration, a process is 
used which cos^rises: 

(a) lysing bacterial host cells in a 
30 fermentation broth; 

(b) diafiltering the lysed fermentation 
broth from (a) with a buffer which is 
not retained by the diafiltration 
membrane, wherein said buffer removes 

35 intracellular and extracellular 

contaminants through the permeate, and 
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using a chelating agent to prevent 
proteolysis; 

(c) diafiltering the lysate from (b) with a 
detergent and a buffer which is not 

5 retained by the diaf iltration membrane, 

wherein said detegent soltibilizes and 
removes inner membrane proteins, and 
using a divalent cation to stabilize 
the outer membrane proteins, thereby 

10 preventing their solubilization; 

(d) diafiltering the lysate from (c) with 
the buffer from (c) , and using a 
divalent cation from (c) in the absence 
of detergent, in order to reduce the 

15 concentration of the detergent from 

(c); 

(e) diafiltering the lysate from (d) with a 
buffer which is not retained by the 
diaflltration membrane, a chelating 

20 agent and a detergent to sol\abilize the 

outer membrane proteins; 

(f) diafiltering the lysate from (e) with a 
buffer which is not retained by the 
diafiltration membrane, a chelating 

25 agent and a detergent to extract and 

remove the lipidated rP4; and 

(g) collecting the lipidated rP4 removed in 
(f). 

If desired, further extraction of lipidated rP4 can be 
30 performed by adding the following steps to the 

foregoing process: 

(h) diafiltering the lysate from (f) with 
reagents of (f } , with the exception of 
the detergent, in order to reduce the 

35 concentration of the detergent; 
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(i) diafiltering the lysate from (h) with 
reagents of (f) to extract and remove 
the llpldated rP4; and 

(j) collecting the lipidated rP4 removed in 
(i) . 

If also desired, still further extraction of lipidated 
rP4 ccui be performed by adding the following steps to 
the foregoing process: 

(k) diafiltering the lysate from (j) with 
reagents of if), with the exception of 
the detergent, in order to reduce the 
concentration of the detergent; 
(1) diafiltering the lysate from (k) with 
reagents of (f) to extract and remove 
the lipidated rP4; and 
(m) collecting the lipidated rP4 removed in 
(1) . 

Still further cycles of lipidated rP4 extraction may 
be utilized, if desired. 

For the extraction of lipidated recombinant, 
outer membrane protein P6 (lipidated rP6) of H. 
influenzae from bacterial host cells by differential 
detergent tangential flow diaf iltration, a process is 
used which comprises: 

(a) lysing bacterial host cells in a 
fermentation broth; 

(b) diafiltering the lysed fermentation 
broth from (a) with a buffer which is 
not retained by the diaf iltration 
membrane, wherein said buffer removes 
intracellular and extracellular 
contaminants through the permeate, and 
using a chelating agent to prevent 
proteolysis; 

(c) diafiltering the lysate from (b) with a 
detergent and a buffer which is not 
retained by the diaf iltration membrane. 



wo 01/00668 



PCTAJSOO/17019 



- 19 



wherein said detergent solublllzes and 
removes Inner membrane proteins, and 
using a divalent cation to stabilize 
the outer membrane proteins / thereby 
5 preventing their soltibilization; 

(d) diafiltering the lysate from (c) with a 
buffer which is not retained by the 
diaf iltration membrane, a chelating 
agent to sequester divalent cation and 

10 to prevent proteolysis, and a detergent 

to solubilize and remove the outer 
membrane proteins other than lipidated 
rP6; 

(e) diafiltering the lysate from (d) with a 
15 buffer which is not retained by the 

diaf iltration membrane, a chelating 
agent to prevent proteolysis, a 
detergent to remove additional outer 
membrane proteins, and a salt to 
20 disrupt the membrane/outer membrane 

protein complex; 

(f ) diafiltering the lysate from (e) with 
reagents of (e) , with the exception of 
the detergent and the salt, in order to 

25 reduce the concentration of the 

detergent; 

(g) diafiltering the lysate from (f) with a 
detergent and a buffer which is not 
retained by the diaf iltration membrane, 

30 wherein said detergent solublllzes and 

removes additional proteins bound to 
the cellular outer membrane, and using 
a chelating agent to prevent 
proteolysis; 

35 (h) diafiltering the lysate from (g) with 

the buffer from (g) and the chelating 
agent of (g) to reduce the 
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concentration of the detergent from 
(g); 

(i) diafiltering the lysate from (h) with a 
phosphate conqpoiind and a detergent to 
solubillze and remove additional 
proteins bound to the cellular outer 
membrane; 

(j) diafiltering the lysate from (i) with a 
phosphate compotand to reduce the 
concentration of the detergent from 
(i); 

(k) heating the lysate from (j) to remove 
lipidated rP6 from the membrane while 
diafiltering that lysate with a 
phosphate compound and a detergent to 
solubilize, extract and remove the 
lipidated rP6; and 

(1) collecting the lipidated rP6 removed in 
(k) . 

If desired, the process for extracting lipidated rP6 
may be modified by concentrating the lysate from (j) 
before proceeding to (k) • 

In order that this invention may be better 
understood, the following examples are set forth. The 
examples are for the purpose of illustration only and 
are not to be construed as limiting the scope of the 
invention. 

Examples 

Example 1 
Lipidated rP4 Differential 
Detergent Membra r^ft Extraction 

The overall process for extracting lipidated 
rP4 from bacterial cells, such as E. coli cells. 
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involved microf luidization or cell lysis and membrane 
differential detergent extraction. The fermentation 
broth was harvested and adjusted to 5 mM EDTA to 
inhibit possible protein degradation from 

5 metalloproteases . The broth was then diluted to less 

than 5% w/v wet cell weight concentration and lysed 
with a high-pressure microf luidizer (Microf luidics, 
Newton, MA) . The lysed cells were diaf iltered with a 
specific sequence of buffer solutions using a 

10 tangential flow system that includes 1000 kD 

regenerated cellulose Millipore membranes of surface 
area 0.002 m^/g wet weight cells. The sequence of 
buffer solutions was chosen to solubilize ixmer 
membrane proteins first and then to solxibilize outer 

15 membrane proteins which includes rP4. During 

diaf iltration, the solubilized proteins of 
approximate size less than the molecular weight cut- 
off of the membrane passed through the permeate, while 
larger molecules and unsolubilized proteins were 

20 retained. The sequence of diaf iltration steps was as 

follows X 

(1) The lysed fermentation broth was 
diaf iltered with 10 mM Hepes/1 mM EDTA/pH 8.0 at a 
volume equal to three times the volume of the 

25 retentate to remove intracellular and extracellular 

contaminants through the permeate. 

(2) The lysate was diaf iltered five times 
with 10 mM Hepes/laoM MgCla /1% Triton™ X-100, pH 8, to 
solubilize and remove inner membrane proteins. The 

30 Mg*^ ions stabilized the outer membrane; therefore, the 

outer membrane proteins were not solubilized in the 
presence of Triton"* X-100. 

(3) The lysate was diaf iltered three times 
with 10 mM Hepes/lmM MgCla /pH 8, to reduce the Triton™ 

35 X-100 concentration. 

(4) The lysate was diaf iltered three times 
with 50 mM Tris™/5 mM BDTA/1% Zwittergent™ 3-12/pH 8, 
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to solubilize the outer membrane proteins, including 
lipidated rP4, and then to begin extracting and 
collecting lipidated rP4 from the outer membrane. 

(5) The lysate was diafiltered three times 
with 50 mM Tris'^/S mM EDTA, pH 8. This step was 
performed without Zwittergent"^ 3-12, because the 
Zwittergent™ compounds do not pass through the 1000 kD 
cut-off membrane as readily as smaller compoxinds such 
as salts. This step served to reduce the Zwittergent'" 
concentration in the membrane; the Zwittergent™ 
concentration of step (4) would otherwise reduce the 
flow rate through the membrane during steps (6) and 
(8) below. 

(6) The lysate was diafiltered two times 
with 50 mM Tris™/5 mM EDTA/1% Zwittergent™ 3-12, pH 8, 
to continue extracting euad collecting lipidated rP4 
from the outer membrane. 

(7) The lysate was diafiltered two times 
with 50 mM Tris'^/S mM EDTA, pH 8 to again reduce the 
Zwittergent^ concentration. 

(8) The lysate was diafiltered two times 
with 50 mM Tris~/5 mM EDTA/1% Zwittergent™ 3-12, pH 8 
to continue extracting and collecting lipidated rP4 
from the outer membrane. 

(9) The lysate was diafiltered two times 
with 50 mM Tris~/5 mM EDTA, pH 8 to again reduce the 
Zwittergent"* concentration. 

During the diafiltration steps, the 
transmembrane pressure was maintained at approximately 
5 psi and the cross flow rate was maintained at 150 
liters/meters^ membrane area/hour (Imh) • The 
diafiltration processes were r\in at room tenqperature . 
The permeate flux ranged from 30 to 40 Imh, which was 
sufficiently high for the extraction process to be 
practical and scalable. 

During the extraction, sanqples were taken at 
various points for analysis by SDS- PAGE to evaluate 



wo 01/00668 



PCTAJS00/I7019 



- 23 - 



the effect of various diaf iltration steps on the 
extraction of proteins. Samples were precipitated by 
alcohol addition, centrifuged, and then resolubilized 
at 20% of the original volume in SDS sample 
5 preparation buffer. This method of preparing samples 

concentrated the sample and reduced the Triton™ or 
Zwittergent™ 3-12 concentration of the samples. 
Triton™ X-100 or Zwittergent™ 3-12 interfere with the 
binding of SDS to the sample and reduce the resolution 
10 of bands on gels. Ten ixl of each sample was loaded on 

to Novex (Encinitas, CA) 10% acrylamide gels and the 
gels were run for 60-90 minutes at 125 Volts. 

A typical SDS- PAGE analysis of the samples 
taken from the permeate streams during the extraction 
15 process for lipidated rP4 is shown in Figure 1. 

Lipidated rP4 ran at approximately 30 kD on these 
gels. The gel shows that some contaminating proteins 
were removed during diaf iltration with lysis buffer 
(lane 5) and buffer containing Triton™ X-100 (lane 6) . 
20 There was very little loss of lipidated rP4 during 

these diaf iltration steps. During the Zwittergent™ 3- 
12 diaf iltration step, lipidated rP4 was extracted in 
a partially purified state (lane 8) . At the end of 
the Zwittergent™ diaf iltration step, very little 
25 lipidated rP4 was present in the permeate stream (lane 

9) . This indicated that most of the solubilized 
lipidated rP4 had been recovered through the permeate. 
Other experiments have shown that very little 
vuisolubilized lipidated rP4 remains in the retentate 
30 after the con^letion of the extraction process (data 

not shown). The 30 kD band of the Zwittergent™ 3-12 
extract has been shown to be lipidated rP4 by western 
analysis (data not 8ho%m) . 

35 
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Example 2 

Additional Extraction Runs for Lipidated rP4 

This Example presents data generated from 

5 four additional extraction runs for lipidated rP4. In 

each run, a recombinant E. coll fermentation broth was 
first adjusted to 5mM EDTA to inhibit possible protein 
degradation from metalloproteases. The fermentation 
broth was then adjusted to a wet cell concentration of 

10 ten percent and lysed by passing through a 

Microfluidics xaicrof luidizer . This cell lysate was 
then aliquoted into portions containing an equivalent 
of 500 grams of cells and frozen at -70^C« 

A 500 gram portion of lysed E. coll 

15 fermentation broth was then removed from -70*^0 and 

thawed in a water bath at a temperature not greater 
than 40*0. The cell lysate was then diluted to five 
percent wet cell weight. This five percent cell 
lysate was then subjected to the differential 

20 detergent extraction process utilizing tangential flow 

diafiltration as described in Example 1. The only 
slight difference was that in step (4) the 
diafiltration was conducted twice rather than three 
times . 

25 SDS-PAGE analysis of samples taken at 

various points during the extraction gave results 
comparable to those seen in Figure 1 (data not shown) • 
The amount of lipidated rP4 recovered in each of the 
four rtms was calculated. The percent lipidated rP4 

30 was determined in the cell lysate before and after 

extraction by rimnlng samples on SDS-PAGE gels and 
then scanning them on a densitometer. This data 
illustrated that there was an average reduction in 
grams of 78% of lipidated rP4 protein in the cell 

35 lysate before and after extraction. This data also 

showed that the total recovery of lipidated rP4 
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protein in the extraction pool as compared to the cell 
lysate was 18%. 

The results are shown in Table 1: 
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The reproducibility o£ the diafiltration 
10 procesB is illustrated in Figure 2. The permeate flux 

£rom the four runs over the course of the extraction 
process was monitored. The similarity in the fl\uc 
rates throughout the process demonstrates that the 
extraction process is controllable and reproducible, 
15 To purify the extracted lipidated rP4, the 

lipidated rP4- containing cell lysate extract was then 
processed through tandem ion exchange columns 
consisting of a DEAE Sepharose^ Fast Flow and a SP 
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Sepharose''' Fast Flow colxunn (Pharmacia & Upjohn, 
Plscataway, NJ) . The columns were washed with 
additional equilibration buffer and the DEAE column 
was then removed from the process stream. The SP 

5 column was then washed with 20 coltamn voliunes of 

equilibration buffer and then eluted with a NaCl step 
gradient, yielding purified LrP4 3 OK protein. The 
20mM NaCl concentration eluted a purified aggregated 
form of lipidated rP4 protein (Form I) . The 140mM 

10 NaCl concentration eluted a mixture of aggregated and 

non- aggregated form of lipidated rP4 protein (Form 
II) . 

The Form II lipidated rP4 3 OK protein was 
then converted to the more aggregated Form I state by 
15 subjecting the protein to a controlled slow freezing. 

The two purified forms may be purified and stored 
separately, or may be purified separately and then 
combined. The conversion process was as follows: 

(1) Obtain sterile filtered aliquots of 
20 lipidated rP4 Form II. 

(2) Slow freeze to -S'^C. 

Example 3 
Lipidated rP6 Differential 
25 Detergent Membrane Extraction 

The process for extracting lipidated rP6 was 
similar to the process for extracting lipidated rP4. 
However, the diaf iltration process required more steps 

30 because lipidated rP6 is tightly associated with 

peptidoglycans . The fermentation broth of E. coli 
cells ejqpressing lipidated rP6 was adjusted to 10 mM 
EDTA and diluted to less than or equal to 10% wet 
weight cells/volume prior to homogenization. The 

35 cells were then lysed with a high-pressure 

microfluidizer and diafiltered at room temperature 
with a sequence of buffers using a cross -flow membrane 
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filtration device. It was determined that the minimum 
membrMe area to allow efficient mass transport of 
solubilized proteins through the membrane was 
approximately 0.002 m^/g wet weight cells. The 

5 solubilized proteins of approximate size less than the 

1000 kD molecular weight cut-off rating of the 
membrane passed through with the permeate, while 
larger molecules and unsolubilized proteins were 
retained. The sequence of diaf iltration steps was as 

10 follows: 

(1) The lysed fermentation broth was 
diafiltered with 10 mM Hepes/1 mM EDTA/pH 8.0 (lysis 
buffer) at a vol\ime equal to three times the volume of 
the retentate to remove intracellular and 

15 extracellular contaminants through the permeate. 

(2) The lysate was diafiltered three times 
with 10 mM Hepes/lmM MgCl2 /0.2% Triton"" X-100 to 
solubilize and remove inner membrane proteins. The 
Mg*' ions stabilized the outer membrane; therefore, the 

20 outer membrane proteins were not solubilized in the 

presence of Triton^ X-100. 

(3) The lysate was diafiltered three times 
with 50 mM Tris™ /5 mM EDTA/0.2% Zwittergent™ 3-14 to 
solubilize and remove other outer membrane proteins 

25 (but not lipidated rP6) . The EDTA serves to sequester 

the Mg** ions from step (2), as well as to prevent 
proteolysis. 

(4) The lysate was diafiltered three times 
with 50 mM Tris^'/S mM EDTA/0.5 M NaCl/0.2% 

30 Zwittergent™ 3-14 to soltibilize and remove additional 

proteins. NaCl was added to the buffer in this step 
to disrupt any ionic interactions between membrane 
proteins and membranes. This step was performed 
because lipidated rP6 is a peptidoglycan-associated 

35 lipoprotein, and the salt serves to remove membrane- 

bound proteins (but not lipidated rP6) from the 
membrane/outer membrane protein complex (lipidated 
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rP4 is not so associated; thus this step was not 
performed for extracting that protein) . The 
diaf iltration was continued with three retentate 
voloames of 50 mM Trls^/SsiM EDTA to reduce the 
5 Zwittergent™ concentration in the retentate. 

(5) The lysate was diafiltered three times 
with 50 mM Tris™ /5 mM EDTA/0.2% sarcosyl to remove 
additional membrane -bound proteins (but not lipidated 
rP6) and then diafiltered three times with 50 mM Tris™ 

10 /5 mM EDTA to reduce the sarcosyl concentration in the 

retentate • 

(6) The lysate was diafiltered three times 
with 10 mM sodium phosphate/ 0,2% Zwlttergent~ 3-12 to 
remove additional membrane -bound proteins (but not 

15 lipidated rP6) , and then diafiltered three times with 

10 mM sodium phosphate to reduce the Zwittergent™ 3-12 
concentration in the retentate. 

(7) The lysate was concentrated to 20% of 
its original volume and then diafiltered three times 

20 with 10 xnM sodium phosphate/0.2% Zwlttergent™ 3-12 at 

55 to solubillze lipidated rP6, which was collected 
through the permeate. The concentration was performed 
prior to diaf iltration to increase the concentration 
of lipidated rP6 in the permeate. The diaf Iltration 

25 was continued for three additional retentate volxanes 

with 10 mM soditim phosphate at 55^C to reduce the 
Zwittergent™ 3-12 concentration in the retentate. 
This heating step was performed because (as in step 
(4) above)) lipidated rP6 is a peptidoglycan- 

30 associated lipoprotein, and heating serves to remove 

lipidated rP6 from the membrane/membrane protein 
complex (lipidated rP4 is not so associated; thus this 
step was not performed for extracting that protein) . 
Finally, the diaf Iltration was concluded with three 

35 retentate volumes of 10 mM sodixim phosphate at 55 ^C. 

During the diaf iltration steps, the 
transmembrane pressure was maintained at approximately 
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approximately 120-180 Imh. All the diaf iltration 
processes were run at room temperature, except the 
final 55**C extraction step, which was run at the 

5 higher tesiperature to solubilize lipidated rP6. The 

permeate flux ranged from 30 to 50 Imh, which was 
sufficiently high for the extraction process to be 
practical and scalable. 

During the extraction, samples were taken at 

10 various points for analysis by SDS-PAGE to evaluate 

the effect of various diaf iltration steps on the 
extraction of proteins. Samples were prepared and run 
on gels as described in Example 1. 

A typical SDS-PAGE analysis of the samples 

15 taken from the permeate streams during the extraction 

process of lipidated rP6 is shown in Figures 3 and 4. 
Lipidated rP6 ran at approximately 15 kD on these 
gels. The gels showed that some contaminating 
proteins are removed during diafiltration with the 

20 lysis buffer (Figixre 3, lane 2) and buffer containing 

various detergents (Figure 3, lanes 5-6 and Figure 4, 
lane 3) • There was very little loss of lipidated rP6 
during these diafiltration steps. During the final 
Zwittergent™ 3-12 diafiltration step at 55**C, 

25 lipidated rP6 was extracted in a partially purified 

state (Figure 4, lane 6) . At the end of the second 
Zwittergent™ 3-12 diafiltration step at 55 'C, very 
little lipidated rPS was present in the permeate 
stream (Figure 4, lane 8). This suggested that most 

30 of the solxibilized lipidated rP6 had been recovered 

through the permeate. Other experiments have shown 
that very little lipidated rP6 remains unsolubilized 
in the retentate after the completion of the 
diafiltration process (data not shown) . The 15 kD 

35 band of the Zwittergent™ 3-12 /55«C extract has been 

shown to be lipidated rP6 by western analysis (data 
not shown) . 
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The process described above was repeated to 
extract lipidated rP6 from the broth of another E. 
coli fermentation. The SDS-PA6E analysis was similar 
to that seen in Figures 3 and 4 (data not shown) , and 
5 the 15 kD band of the Zwittergent™ 3-12 /55«C extract 

was again shown to be lipidated rP6 by western 
analysis (data not shown) • 

Example 4 

10 Additional Extraction Runs for Lipidated rP6 

This Exasq>le presents data generated from 
three additional extraction r\ans for lipidated rP6. 
In each rxin, the process described in Example 3 was 
15 used to extract lipidated rP6 from a recombinant E. 

coli f esnnentatlon broth. 

The results are shown in Table 2: 

Table 2 

20 
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N4-1002 Lysed Fermentation Broth 


5 


18.70 


93.50 


10.70% 


10.00 


N4-1002 S5C Extraction Pool 


20 


0.17 


3.43 


34.20% 
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N4-1003 Lysed Fermentation Broth 


5 


14.74 


73.71 


2.30% 


1.70 


N4-1003 55C Extraction Pool 


20 


0.73 


14.52 


19.50% 


2.83 


N4-1004 Lysed Fermentation Broth 
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14.74 


73.71 


7.20% 


5.31 


N4-1004 55C Extraction Pool 


20 


0.08 


1.66 


26.00% 


0.43 
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What is claimed is: 

1. A process for extracting native or 
recombinantly- expressed, gram-negative inner membrane 
proteins from bacteria or bacterial host cells 
containing a recombinant vector by differential 
detergent tangential flow diaf iltration, which 
comprises : 

(a) lysing bacteria or bacterial host cells 
containing a recombinant vector in a 
fermentation broth; 

(b) diaf il taring the lysed fermentation 
broth from (a) with a buffer which is 
not retained by the diaf iltration 
membrcuie, wherein said buffer removes 
intracellular and extracellular 
contaminants through the permeate, and 
using a chelating agent to prevent 
proteolysis; 

(c) diafiltering the lysate from (b) with a 
detergent and a buffer which is not 
retained by the diaf iltration membrane, 
wherein said detergent solubilizes and 
removes inner membrane proteins, and 
using a divalent cation to stabilize 
the outer membrane proteins, thereby 
preventing their solubilization; and 

(d) collecting the inner membrane proteins 
removed in (c) • 

2. The process of Claim 1 wherein: the 
lysis of (a) occurs in a microf luidizer; in (b) , the 
buffer is selected from the group consisting of Hepes, 
3- (N-morpholino) propane sulfonic acid (MOPS), Tris~, 
sodium phosphate and sodium borate; and in (c) , the 
buffer is selected from the group consisting of Hepes, 
MOPS, Tris"*, sodium phosphate and sodixim borate, the 
detergent is selected from the group consisting of a 
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Zwlttergent^ compound/ a non- ionic Triton™ compound, 
sarcosyl, a glucoside compound, a chelate compound and 
dodecyl-xaaltoside, and the divalent cation is selected 
from the group consisting of Mg^^ and Ca^^. 

3. The process of Claim 2 wherein In (b) , 
the buffer is Hepes and the chelating agent is EDTA; 
and in (c) , the buffer is Hepes, the detergent is 
Triton™ X-100, and the divalent cation is Mg*^. 

4 . A process for extracting native or 
recombinantly-expressed, gram-negative outer membrane 
proteins from bacteria or bacterial host cells 
containing a recombinant vector by differential 
detergent tangential flow diaf iltration, which 
comprises: 

(a) lysing bacteria or bacterial host cells 
containing a recombinant vector in a 
fermentation broth; 

(b) diafiltering the lysed fermentation 
broth from (a) with a buffer which is 
not retained by the diaf iltration 
menibrane, wherein said buffer removes 
intracellular and extracellular 
contaminauits through the permeate, and 
using a chelating agent to prevent 
proteolysis; 

(c) diafiltering the lysate from (b) with a 
detergent and a buffer which is not 
retained by the diaf iltration membrane, 
wherein said detergent solubilizes and 
removes inner membrane proteins, and 
using a divalent cation to stabilize 
the outer membrane proteins, thereby 
preventing their solubilization; 

(d) diafiltering the lysate from (c) with 
the buffer from (c) , and using a 
divalent cation from (c) in the absence 
of detergent, in order to reduce the 
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concentration of the detergent from 
(c) ; 

(e) diafiltering the lysate from (d) with a 
buffer which is not retained by the 
diafiltration membrane, a chelating 
agent €uid a detergent to solubilize and 
remove the outer membrane proteins; and 

(f) collecting the outer membrane proteins 
removed in (e) • 

5, The process of Claim 4 wherein: the 
lysis of (a) occurs in a microf luidizer; in (b) , the 
buffer is selected from the group consisting of Hepes, 
MOPS, Tris^, sodium phosphate and sodium borate; in 
(c) , the buffer is selected from the group consisting 
of Hepes, MOPS, Tris™, sodium phosphate and sodium 
borate, the detergent is selected from the group 
consisting of Zwittergent™ compound, a non- ionic 
Triton"* compound, sarcosyl, a glucoside compoxind, a 
cholate compound and dodecyl-maltoside, and the 
divalent cation is selected from the group consisting 
of Mg*^ and Ca*^• in (d) , the buffer is selected from 
the group consisting of Hepes, MOPS, Tris™, sodi\im 
phosphate and sodium borate, and the divalent cation 
is selected from the group consisting of Mg"^ and Ca*^; 
and in (e) , the buffer is selected from the group 
consisting of Hepes, MOPS, Tris™, sodium phosphate and 
sodi\am borate, and the detergent is selected from the 
group consisting of Zwittergent"" coo^ound, a non- ionic 
Triton™ compound, sarcosyl, a glucoside compound, a 
cholate compound and dodecyl-maltoside. 

6. The process of Claim 3 wherein in (b) , 
the buffer is Hepes and the chelating agent is EDTA; 
in (c) , the buffer is Hepes, the detergent is Triton™ 
X-100, and the divalent cation is Mg*^; in (d) , the 
buffer is Hepes and the divalent cation is Mg*^; and in 
(e) , the buffer is Tris™, the chelating agent is EDTA, 
and the detergent is Zwittergent™ 3-12. 
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7. The process of Claim 4, which further 

comprises : 

(g) diafiltering the lysate from (e) with 
reagents of (e) , with the exception of 
the detergent, in order to reduce the 
concentration of the detergent; 

(h) diafiltering the lysate from (g) with 
reagents of (e) ; and 

(i) collecting the outer membrane proteins 
removed in (h) • 

8. A process for extracting lipidated 
recombinant outer membrane protein P4 (rP4) of 
Haemophilus influenzae from bacterial host cells by 
differential detergent tangential flow diaf iltration, 
which comprises: 

(a) lysing bacterial host cells in a 
fermentation broth; 

(b) diafiltering the lysed fermentation 
broth from (a) with a buffer which is 
not retained by the diaf iltration 
membrane, wherein said buffer removes 
intracellular and extracellular 
contaminants through the permeate, and 
using a chelating agent to prevent 
proteolysis; 

(c) diafiltering the lysate from.(b) with a 
detergent and a buffer which is not 
retained by the diaf iltration membrane, 
wherein said detergent solubilizes and 
removes inner membrane proteins, and 
using a divalent cation to stabilize 
the outer membrane proteins, thereby 
preventing their solxibilization; 

(d) diafiltering the lysate from (c) with 
the buffer from (c) , and using a 
divalent cation from (c) in the absence 
of detergent, in order to reduce the 
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concentration of the detergent from 

(c) ; 

(e) diafiltering the lysate from (d) with a 
buffer which is not retained by the 
diaf iltration membrane, a chelating 
agent and a detergent to solxabilize the 
outer membrane proteins; 

<f) diafiltering the lysate from (e) with a 
buffer which is not retained by the 
diaf iltration membrane, a chelating 
agent and a detergent to extract and 
remove the lipidated rP4; and 

(g) collecting the lipidated rP4 removed in 
(f) . 

9. The process of Claim 8 wherein: the 
lysis of (a) occurs in a microf luidizer; in (b) , the 
buffer is selected from the group consisting of Hepes, 
MOPS, Tris"*", sodium phosphate and sodium borate; in 
(c), the buffer is selected from the group consisting 
of Hepes, MOPS, Tris™, sodium phosphate and sodium 
borate, the detergent is selected from the group 
consisting of Zwittergent"* compound, a non- ionic 
Triton™ compo\ind, sarcosyl, a glucoside compound, a 
chelate compound and dodecyl-maltoside, and the 
divalent cation is selected from the group consisting 
of Mg*^ and Ca^^• in (d) , the buffer is selected from 
the group consisting of Hepes, MOPS, Tris™, sodium 
phosphate and sodium borate, and the divalent cation 
is selected from the group consisting of Mg"^^ and Ca* ; 
in (e) , the buffer is selected from the group 
consisting of Hepes, MOPS, Tris™, sodium phosphate and 
sodium borate, and the detergent is selected from the 
group consisting of Zwittergent~ conqpound, a non- ionic 
Triton™ coo5>o\md, sarcosyl, a glucoside compound, a 
chelate confound and dodecyl-maltoside; and in (f ) / 
the buffer is selected from the group consisting of 
Hepes, MOPS, Tris™, sodium phosphate and sodium 
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borate, and the detergent is selected from the group 
consisting of Zwittergent™ compound/ a non- ionic 
Triton"" compound, sarcosyl, a glucoside compound, a 
cholate compoimd and dodecyl-maltoside. 

10. The process of Claim 9 wherein in (b) , 
the buffer is Hepes and the chelating agent is EDTA; 
in (c) , the buffer is Hepes, the detergent is Triton™ 
X-100, and the divalent cation is Mg*^; in (d) , the 
buffer is Hepes and the divalent cation is Mg*^; in 

(e) , the buffer is Tris™, the chelating agent is EDTA, 
and the detergent is Zwittergent™ 3-12; and in (f ) , 
the buffer is Tris™, the chelating agent is EDTA, and 
the detergent is Zwittergent'" 3-12. 

11. The process of Claim 8, which further 

comprises: 

(h) diafil taring the lysate from (f) with 
reagents of (f ) , with the exception of 
the detergent, in order to reduce the 
concentration of the detergent; 

(i) diafil taring the lysate from (h) with 
reagents of (f) to extract and remove 
the lipidated rP4; and 

(j) collecting the lipidated rP4 removed in 
(i). 

12. The process of Claim 11, which further 

comprises: 

(k) diafiltering the lysate from (j) with 
reagents of (f ) , with the exception of 
the detergent, in order to reduce the 
concentration of the detergent; 

(1) diafiltering the lysate from (k) with 
reagents of (f) to extract and remove 
the lipidated rP4; and 

(m) collecting the lipidated rP4 removed in 
(1). 

13 . A process for extracting lipidated 
recombinant outer membrane protein P6 (rP6) of 
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Haemopbilus influenzae from bacterial host cells by 
differential detergent tangential flow diaf iltration, 
which comprises: 

(a) lysing bacterial host cells in a 
fermentation broth; 

(b) diafiltering the lysed fermentation 
broth from (a) with a buffer which is 
not retained by the diaf iltration 
membrane, wherein said buffer removes 
intracellular and extracellular 
contaminants through the permeate, and 
using a chelating agent to prevent 
proteolysis; 

(c) diafiltering the lysate from (b) with a 
detergent and a buffer which is not 
retained by the diaf iltration membrane, 
wherein said detergent solxibilizes and 
removes inner membrane proteins, and 
using a divalent cation to stabilize 
the outer membrane proteins, thereby 
preventing their solubilization; 

(d) diafiltering the lysate from (c) with a 
buffer which is not retained by the 
diaf iltration membrane, a chelating 
agent to sequester divalent cation and 
to prevent proteolysis, and a detergent 
to solubilize and remove the outer 

. membrane proteins other than lipidated 
rP6; 

(e) diafiltering the lysate from (d) with a 
buffer which is not retained by the 
diaf iltration membrane, a chelating 
agent to prevent proteolysis, a 
detergent to remove additional outer 
membrane proteins, and a salt to 
disrupt the membrane/outer membrane 
protein complex; 
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(f) diafiltering the lysate from (e) with 
reagents of (e) / with the exception of 
the detergent and the salt, in order to 
reduce the concentration of the 
detergent; 

(g) diafiltering the lysate from (f) with a 
detergent and a buffer which is not 
retained by the diaf iltration membrane, 
wherein said detergent solubilizes and 
removes additional proteins bound to 
the cellular outer membrane, and using 
a chelating agent to prevent 
proteolysis; 

(h) diafiltering the lysate from (g) with 
the buffer from (g) and the chelating 
agent of (g) to reduce the 
concentration of the detergent from 
(g); 

(i) diafiltering the lysate from (h) with a 
phosphate compound auid a detergent to 
solubilize and remove additional 
proteins bound to the cellular outer 
membrane; 

(j) diafiltering the lysate from (i) with a 
phosphate compoiind to reduce the 
concentration of the detergent from 
(i); 

(k) heating the lysate from (j) to remove 
lipidated rP6 from the membrane while 
diafiltering that lysate with a 
phosphate compound and a detergent to 
solubilize, extract and remove the 
lipidated rP6; and 

(1) collecting the lipidated rP6 removed in 
(k) . 

14. The process of Claim 13 wherein: the 
lysis of (a) occurs in a microf luidizer; in (b) , the 
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buffer is selected from the group consisting of Hepes, 
MOPS, Tris"*, soditim phosphate and sodium borate, and 
the divalent cation is selected from the group 
consisting of Mg*^ and Ca*^• in (c) , the buffer is 
selected from the group consisting of Hepes, MOPS, 
Tris"*, sodium phosphate and sodium borate, the 
detergent is selected from the group consisting of 
Zwittergent"" compound, a non- ionic Triton™ compound, 
sarcosyl, a glucoside compound, a cholate compound and 
dodecyl-maltoside, and the divalent cation is selected 
from the group consisting of Mg*^ and Ca*^; in (d) , the 
buffer is selected from the group consisting of Hepes, 
MOPS, Tris™, sodium phosphate and sodium borate, and 
the detergent is selected from the group consisting of 
Zwittergent™ compound, a non- ionic Triton"* compound, 
sarcosyl, a glucoside compound, a cholate coaxpotmd and 
dodecyl-maltoside; in (e) , the buffer is selected from 
the group consisting of Hepes, MOPS, Tris~, sodixm 
phosphate and sodium borate, the salt is a soditim 
salt, and the detergent is selected from the group 
consisting of Zwittergent'** compound, a non- ionic 
Triton™ compound, sarcosyl, a glucoside compound, a 
cholate compound and dodecyl-maltoside; in (f ) , the 
buffer is selected from the group consisting of Hepes, 
MOPS, Tris™, sodium phosphate and sodi\am borate; in 
(g) , the buffer is selected from the group consisting 
of Hepes, MOPS, Tris™, sodium phosphate and sodium 
borate, and the detergent is selected from the group 
consisting of Zwittergent™ compoimd, a non- ionic 
Triton™ compound, sarcosyl, a glucoside compound, a 
cholate compound and dodecyl-maltoside; in (h) , the 
buffer is selected from the group consisting of Hepes, 
MOPS, Trls™, sodium phosphate and sodium borate; in 
(1), the detergent is selected from the group 
consisting of Zwittergent™ compound, a non- ionic 
Triton™ compoiand, sarcosyl, a glucoside compound, a 
cholate compound and dodecyl-maltoside; and in (k) , 
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the detergent is selected from the group consisting of 
Zwittergent'" compoxind, a non- ionic Triton'" coxBpouad, 
sarcosyl# a glucoside compound, a cholate confound and 
dodecyl-maltoslde. 

15 . The process of Claim 14 wherein in (b) , 
the buffer is Hepes and the chelating agent is EDTA; 
in (c) , the buffer is Hepes, the detergent is Triton™ 
X-100, and the divalent cation is Mg*^; in (d) , the 
buffer is Hepes, the chelating agent is EDTA, and the 
detergent is Zwittergent™ 3-14; in (e) , the buffer is 
Hepes, the chelating agent is EDTA, the salt is soditun 
chloride, and the detergent is Zwittergenf" 3-14; in 
(f ) , the buffer is Tris™ and the chelating agent is 
EDTA; in (g) , the buffer is Tris™, the detergent is 
sarcosyl, and the chelating agent is EDTA; in (h) , the 
buffer is Tris™ and the chelating agent is EDTA; in 
(i) , the detergent is Zwittergent™ 3-12, and the 
phosphate is sodium phosphate; in (j), the phosphate 
is sodium phosphate; and in (k) , the detergent is 
Zwittergent'" 3-12. 

16. The process of Claim 13 wherein prior 
to (k) , the lysate from (j) is concentrated. 
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